CONTEXT AND OBJECTIVE: Osteoporosis is the greatest cause of quality-of-life reductions, morbidity and mortality among postmenopausal women, with growing incidence as populations age. Clinical tools like Osteorisk provide an easyaccess and low-cost alternative method that helps physicians to reduce the need for dual-energy X-ray absorptiometry (DXA), the expensive gold standard examination for diagnosing osteoporosis. The aim here was to study the accuracy of Osteorisk using heel ultrasonography for bone mineral density (BMD).
INTRODUCTION
Osteoporosis is a syndrome characterized by low bone mass and deterioration of the bone microarchitecture, which results in greater fragility of the skeleton and increased risk of fractures. 1 It is the most common bone metabolism disease, affecting around 200 million people around the world, and it is the greatest cause of diminished quality of life, morbidity and mortality among postmenopausal women. [1] [2] [3] Estrogen deficiency is responsible for 30 to 50% of the bone loss observed during women's lives. 3 In Brazil, it has been estimated that 10 million individuals are affected by osteoporosis 4 and that, because of the greater ages attained by the population, the number of hip fractures among men and women between 50 and 60 years old will increase by 400% by 2050, in comparison with the prevalence in 1950. 4 This signifies a major public health problem with enormous financial cost relating to caring for this morbid condition. [5] [6] [7] [8] [9] [10] It has become important to achieve early identification of individuals at greater risk of this disease, in order to implement preventive measures. [5] [6] [7] [8] [9] [10] Osteoporosis diagnoses are made from bone mineral density (BMD) measurements. BMD measurements by means of dual X-ray absorptiometry (DXA), also known as bone densitometry, are considered to be the gold standard test for diagnosing this disease. 8 Such measurements provide high precision in evaluating the mineral density of the axial skeleton and enable precise decisions in relation to the treatment and follow-up for the disease. However, DXA is not widely available within public healthcare, thereby making evaluations on all postmenopausal women logistically impossible and prohibitively expensive. 2, 8, [11] [12] [13] [14] To minimize such difficulties, new methods for measuring BMD have been developed and made available on the market. These methods include peripheral DXA for forearm and heel measurements, peripheral quantitative computed tomography (QCT) for wrist and tibia studies, radiographic absorptiometry for fingers, and quantitative ultrasound or ultrasonometry (QUS) for heels and other areas. 15 The availability of technology for evaluating bone mass by using peripheral sites in the skeleton has improved test accessibility because the technology is portable, faster, easier to perform and less costly. And most importantly, these methods can be used for calculating fracture risks both in peripheral and in central sites, with similar performance to central BMD measurements, except for calculations on the risk of hip fractures, which may be more precise with bone densitometry of the hip bone. The BMD of the peripheral skeleton, including the distal radius, phalanx and heel, correlates reasonably well with the density of the axial skeleton (hip and spinal column). 8, 12 To have all postmenopausal women undergo these examinations with the aim of screening them for osteoporosis is impossible and not recommendable, considering that many women do not present any risk of osteoporosis and will not develop the disease. 5, 11, 13 On the other hand, Siris et al. 8 studied 200,160 American women over the age of 50 years who had undergone different peripheral BMD measurement methods and found that half of them did not know that they presented decreased BMD, while 7% presented osteoporosis. This finding is very important, because individuals diagnosed with osteoporosis have 2.74 times greater chance of presenting bone fractures within one year, and those with osteopenia have 1.73 times greater chance. 6, 8, 9 The ideal would be to have clinical methods capable of identifying patients who are at greater risk of osteoporosis. These methods have still not been defined, since the guidelines are insufficiently precise for selecting such women. 5 One alternative would be to establish a way of evaluating clinical risk factors that would identify women with greater likelihood of benefiting from such examinations. If these evaluations correctly differentiated the women who presented bone mass loss or osteoporosis from those with normal densitometry results, the need for bone densitometry examinations could be reduced. [11] [12] [13] 16 In the recent literature, there is a proven method for identifying osteoporosis risks that is easy to use and has low cost, called the "Osteorisk" risk assessment tool. 17 Osteorisk has been validated in Asia, Europe, the United States and Latin America, undergoing adjustments in accordance with each population studied. 4 According to Sen et al., the sensitivity of this method reaches 94% and the specificity, 45%. 4 Osteorisk is based on a series of statistical calculations and, using age and body weight variables allocated in a defined table, it allows the risk of osteoporosis to be classified as high, moderate or low. On the basis of these results, doctors can identify patients who are at greater risk of low bone mass and request examinations of higher complexity, and even begin therapy if it is impossible to undertake such examinations. 4, 5, [11] [12] [13] The aim of Osteorisk is not to diagnose osteoporosis or osteopenia, but to identify women with a greater likelihood of developing low BMD, so that they can be advised to undergo bone densitometry examination. In this manner, the effectiveness of detecting patients with osteoporosis and osteopenia is increased and the wastage of unnecessary examinations is avoided. 4, 5, [11] [12] [13] 16 OBJECTIVE In the present study, the objective was to compare BMD measurements obtained by means of quantitative ultrasound on the heel and by means of the Osteorisk method, among a population of postmenopausal women. Our aim was to confirm the applicability of the Osteorisk index to our population, and thus to use it in daily medical practice within our service.
METHODS

Location and population studied
This study was granted prior approval by the Research Ethics Committee of Faculdade de Medicina do ABC, and was conducted in the municipality of São Bernardo do Campo, in the Greater São Paulo region, which is in southeastern Brazil. São Bernardo do Campo is a predominantly urban municipality with a population of approximately 700,000 inhabitants. 18 The study was carried out between September and November 2005.
Inclusion and exclusion criteria
For inclusion in the study, the women had to be over 50 years old and had to have been postmenopausal for at least six months, with or without climacteric symptoms. They had to have had no utilization within the last six months of medications such as estrogen, progestogen, androgen, aromatase inhibitor, bisphosphonates, calcium, corticoids, estrogen modulators, parathormone, fluorine, anticonvulsants or lithium, or high doses of antacids.
Women aged less than 50 years were excluded, as were those who presented severe bone pains, bone implants or histories of fractures, bone metabolism dysfunction, bone metastases, thyroid abnormalities or liver diseases.
Interview
The patients were called in to undergo ultrasonometry on the heel by invitation issued by community health agents working for the city authorities of São Bernardo do Campo. A structured questionnaire was applied to the individuals who took up the invitation, and it was filled out on their behalf by doctors or medical students. Anthropometric measurements were also made. All the participants were given explanations regarding the examination, and they signed a statement of free and informed consent. By the end of this recruitment period, 615 patients had been interviewed in the study, but 461 women were included in this study.
Detailed descriptions were obtained of any previous diseases among these patients, such as thyroid abnormalities, parathyroid abnormalities, diabetes mellitus, systemic arterial hypertension, rheumatoid arthritis, liver disease and intestinal malabsorption syndromes (neoplasias or gastrointestinal surgery causing reduced absorption). Likewise, details were obtained regarding previous or present use of corticosteroids, thyroid hormones and hormonal therapy.
Information was collected from each individual regarding personal or family histories of bone fractures and osteoporosis, socioeconomic level, habits such as smoking and alcohol use, profession, schooling level and physical activity. The interview also included obtaining information regarding age, menarche, menopause and obstetric and surgical histories.
Anthropometric measurements
Weight and height were measured using an anthropometric balance, with the patients in orthostatic position, wearing light clothes and without shoes. The body mass index was calculated by means of dividing the weight in kilograms by the square of the height in meters.
Osteorisk
Osteorisk is an index developed by Sen et al. 4 to categorize the risk of osteoporosis as low, medium or high. It was constructed from a study carried out in six centers in Latin America. After multivariate regression analysis of eight osteoporosis risk factors, a model using only age and body weight was obtained. Based on this model, Osteorisk is calculated as 0.2 x [(body weight in kg) -(age in years)]. In the low-risk category, the Osteorisk index is greater than 1, while in the high-risk category it is less than -2 and in the medium-risk category it is greater than -2 and less than 1. The results are represented graphically to simplify their clinical use (not shown). 4 
Measurement of bone mass
Bone mass was measured from the sound velocity (meters per second), by means of ultrasonometry on the heel, using the Sonost 2000 equipment (United States, 2000). This portable apparatus uses gel as the conduction medium and is capable of measuring sound velocities in bones.
The measurement was done on the right heel for all patients. The examinations were performed by a single trained professional. The apparatus was calibrated daily.
The T-score for each individual was calculated using the peak value for sound velocities for a given population of young adults, with standard deviation, by means of the following equation:
19 T-score = sound velocity (individual) -sound velocity (peak value for young adults)/standard deviation (peak value for young adults). The peak value for the sound velocities for young adults were calculated from an estimated peak bone mass, which was defined as the mean for the maximum bone mass attained by young healthy adults, matched for race and sex. The individual under examination was classified in the following manner:
Low risk: T-score higher than -1.5. Medium risk: T-score between -1.5 and -1.99. High risk: T-score lower than -2.0.
To evaluate the sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV), the medium and high-risk results were grouped and considered together.
Statistical analysis
The data were summarized as means ± standard deviations in the case of quantitative variables, and as numbers and percentages for qualitative variables.
The concordance between the ultrasonometry and Osteorisk results was evaluated by means of calculating Kappa statistics accompanied by their respective 95% confidence intervals (95% CI).
The chi-squared test was utilized for evaluating associations between qualitative variables, and analysis of variance (ANOVA) for comparing the means of quantitative variables according to the Osteorisk or ultrasonometry categories. The Brown-Forsythe correction was used in cases in which the equality of variance test was rejected. 20 For all the statistical analyses, a significance level of 5% (α = 0.05) was adopted. In other words, results that presented p-values less than 0.05 (p < 0.05) were considered to be significant.
The population sample size was calculated by assuming an osteoporosis prevalence of 14.7%, 21 from which a sample of 374 women was found to be necessary for a precision of 0.035.
RESULTS
The number of women interviewed was 615. Of these, 154 did not fulfill the inclusion criteria or were within the exclusion criteria. Thus, the final sample was composed of 461 women. Their mean age (± standard deviation) was 60 ± 9 year (minimum = 45 and maximum = 90 years). Their mean weight was 67.6 ± 12.9 kg (minimum = 36 and maximum = 116 kg). Their body mass index (BMI) ranged from 15.8 to 53 kg/m 2 and the mean BMI was 28.8 ± 5.0 kg/m 2 . Figure 1 presents the distribution of the 461 women who took part in the study, according to their BMI classification. It can be seen that 180 (39%) of them were classified as overweight (BMI between 25 and 29.9 kg/m 2 ) and only three women (0.7%) were underweight (BMI < 18.5).
The Osteorisk classification showed that 61% of the patients presented low risk, 28.4% medium risk and 10.6% high risk of osteoporosis, while ultrasonometry classified (Tables 1 and 2 ). Considering the ultrasonometry and Osteorisk results together, it was seen that 54.2% of the patients were classified as low risk, 4.6% as medium risk and 3.0% as high risk by both Osteorisk and ultrasonometry (Table 3) .
Analysis of Osteorisk in relation to age, BMI and years since menopause.
For Osteorisk, statistically significant results were found in relation to analyses of age, BMI and years since menopause (Table 4) . With regard to age, the high-risk pa- Table 4 . Age, body mass index and years since menopause (mean ± standard deviation) according to Osteorisk tients presented a mean age that was statistically greater than the ages presented by medium and low-risk patients. The medium-risk patients presented a greater mean age than that of the low-risk patients. For BMI, the high-risk patients presented a BMI that was statistically lower than the BMIs of the medium and lowrisk patients. Regarding the number of years since the menopause, the high-risk patients presented a statistically greater number of years than did the medium and low-risk patients ( Table 4) .
Analysis of ultrasonometry in relation to age, BMI and years since menopause It can be seen from Table 5 that the ultrasonometry showed significant differences with regard to the variables of age (p < 0.001), BMI (p = 0.006) and years since menopause (p < 0.001). Thus, patients with osteoporosis presented on average a statistically greater age than did the patients with osteopenia or a normal examination. The BMI statistically differentiated the normal patients from those with osteopenia and osteoporosis, although it was not capable of differentiating between the patients in the latter two groups. The number of years since menopause was statistically greater among the women with osteoporosis than among those with osteopenia and normal results.
Sensitivity, specificity, positive predictive value and negative predictive value for Osteorisk
It can be seen from Tables 6 and 7 that Osteorisk had sensitivity of 64% for identifying the women who were at low risk and specificity of 66.7% for identifying the women who were at medium and high risk of osteoporosis, taking ultrasonometry as the diagnostic reference. This produced a negative predictive value of 89% and a positive predictive value of 30.6%.
DISCUSSION
Early identification of patients who are at risk of osteoporosis is of great importance following the menopause. Preventive action by doctors signifies decreased morbidity-mortality due to this disease and decreased public health cost.
Bone densitometry is recognized as the principal tool for diagnosing osteoporosis. The literature demonstrates that when this examination is available for osteoporosis prevention, this has an effect on the number of future fractures.
6-9 Kern et al. 22 showed that when bone densitometry was used as a screening method for osteoporosis, there were 36% fewer fractures over a six-year period than when other medical care was utilized. However, indiscriminate screening of all patients by this method is impossible in Brazil because of its high cost and low availability, particularly for the social classes with lower income.
Today, there are methods like ultrasonometry on the heel that can be used for evaluating the risk of fracture, both at peripheral and at central sites, with performance resembling measurements of central BMD. The exception to this is calculations of the risk of hip fractures, which are more precise with bone densitometry on the hip. The BMD of the peripheral skeleton, including the distal radius, phalanx and heel, correlates reasonably well with the density of the axial skeleton (hip and spinal column, and the costs of obtaining these data are more accessible. 2, 8, 23, 24 In this light, we undertook a comparison between Osteorisk and ultrasonometry on the heel, among women living in São Bernardo do Campo, to evaluate the effectiveness of Osteorisk as a screening method for identifying the patients who were more susceptible to osteoporosis. We evaluated our population in relation to age, BMI and number of years since the menopause. In both the Osteorisk and the ultrasonometry analyses, all these variables presented statistical significance.
BMI has an inverse relationship with osteoporosis, and this was confirmed in our sample, both for Osteorisk and for ultrasonometry. In both analyses, we observed that the low-risk patients had BMI that was statistically significantly greater than among those at high risk.
Age has a direct relationship with osteoporosis, and this was confirmed in our study: low-risk patients as assessed by Osteorisk presented a mean age of 18.2 years lower than did the high-risk patients; and for ultrasonometry on the heel, 11.9 years. In relation to the number of years since the menopause too, our data were concordant with the literature, establishing a directly proportional relationship between the number of years since the menopause and osteoporosis. Low-risk patients as assessed by Osteorisk presented 17.7 years less since the menopause than did those at high risk, and for ultrasonometry this value was 10.9 years.
If Osteorisk were to be proven satisfactory, it could be utilized as an alternative to screening by means of bone densitometry. According to Sen et al., 4 Osteorisk presented sensitivity greater than 90% for identifying patients who were at risk of osteoporosis. We applied Osteorisk to the population studied and compared it with the results from quantitative ultrasonometry on the heel, while maintaining the definitions of the World Health Organization. 25 for osteoporosis, osteopenia and normal bone mass. These were established by measuring bone mass using bone densitometry and comparing this with a young population (T-score). 2, 19 One important matter that is still controversial is the precision of using peripheral measurements for evaluating bone mass, in comparison with the central measurements that are used by WHO. 2, 14, 22, 23 It has been observed that, in using peripheral measurements (among which ultrasonometry on the heel), there is a lower percentage of osteoporosis identification than when BMD measurements on the axial skeleton are used. 2, 6, 22, 23 There are references in the literature that defend and utilize a higher cutoff point of -1.8 standard deviations for identifying the risk of osteoporosis, when the BMD is evaluated by ultrasonometry. Through this, the percentage of osteoporosis identification would be very similar to what is found by conventional densitometry. 2, 6, 22, 23 On the basis of this analysis, we chose in our study to take the women who were at high risk of osteoporosis to be those whose ultrasonometry values were lower than a T-score of -2.0, medium risk to be between -1.5 and -1.99 and low risk to be a T-score higher than -1.5. From this classification, ultrasonometry detected that 8.7% of the women were at high risk of osteoporosis. It should be emphasized that this value was close to the prevalence of osteoporosis identified in the literature by using bone densitometry, which ranges from 7 to 8%. 2, 22, 23 We considered it to be of interest to evaluate the validation of the Osteorisk method by identifying the risk of osteoporosis in comparison with ultrasonometry. The values obtained demonstrated sensitivity of 64% and specificity of 66.7% for identifying patients at medium and high risk of osteoporosis. The positive predictive value, which indicates the likelihood that medium and high-risk patients as assessed by Osteorisk are really medium and high-risk using ultrasonometry, was 30.6%. The negative predictive value, which indicates the likelihood that low-risk patients as assessed by Osteorisk are really low-risk using ultrasonometry, was 89%.
Assessing the results, we noted that Osteorisk presented a false negative rate of 36%, in comparison with ultrasonometry. This represents a limitation to the use of this clinical tool, because such patients would fail to be diagnosed, since they would be erroneously considered to be at low risk. It would be of interest to have greater sensitivity in order to use Osteorisk with assurance. Nonetheless, it must not be neglected that Osteorisk also presented a high negative predictive value and would correctly select 64% of the patients who were identified by means of dual X-ray absorptiometry (DXA).
We are aware that our conclusions leave room for criticism. In our defense, we must first cite the fact that our study population included individuals of black race and thus differed from the population evaluated by the authors of the Osteorisk method, which did not include such individuals. 4 It is known that ethnic origin has a relationship with osteoporosis, which is more prevalent among Caucasians and less so among Africans. 4, 8, 14 We can also cite the fact that 77% of the women in our population had a BMI of more than 25 kg/m 2 . This is highly relevant for the sample, since one of the variables for Osteorisk is precisely the weight.
We are also aware that ultrasonometry on the heel is not a gold standard for evaluating BMD and that its real effectiveness in identifying osteoporosis is not totally defined. 2, 8, 14, 16, 22, 23 Studies have highlighted its usefulness for identifying patients who are at risk of fractures, but even this idea is not fully grounded. In the national osteoporosis risk assessment (NORA) study, peripheral measurements on patients who presented fractures after 12 months of follow-up showed that only 18% of these patients would have received treatment for fractures if the cutoff criterion had been T-score ≤ 2.5, and 22.6% using the criterion of the National Osteoporosis Foundation (NOF). 8 Perhaps alteration of the evaluation cutoff point for peripheral measurements, as already described, would be a viable solution that would increase the effectiveness of these measurements for identifying osteoporosis and risks of fractures. Studies in Latin America, and especially in Brazil, comparing Osteorisk and ultrasonometry on the heel with bone densitometry would be of great importance for validating these diagnostic methods.
CONCLUSION
Our study allows the conclusion that Osteorisk is a valid tool for screening for women who are at low risk of osteoporosis, thereby making it possible not to have to perform bone densitometry on this group.
